Higher Order Statistical Analysis
of Ocean Noise Measurements
for Performance Prediction

Grant # N00014-95-1-0648

Technical Report for 22Feb1995 - 21Feb1996
First Analysis of SWellEX-3 Noise Characteristics

George E. Ioup and Juliette W. Ioup
Department of Physics
University of New Orleans
New Orleans, LA 70148
(504)286-6715 jwiph@uno.edu

Lisa A. Pflug and Pam M. Jackson
Naval Research Laboratory
Stennis Space Center
MS 39529-5004
(601)688-5574 pflug@apollo.nrlssc.navy. mil

21 February 1996

Approved for Public Release

19960423 018 ouwin s




First Analysis of SWellEX-3 Noise Characteristics
Grant # N00014-95-1-0648

George E. Ioup and Juliette W. Toup
Department of Physics
University of New Orleans
New Orleans, LA 70148
(504)286-6715 jwiph@uno.edu

Lisa A. Pflug and Pam M. Jackson
Naval Research Laboratory
Stennis Space Center
MS 39529-5004
(601)688-5574 pflug@apollo.nrlssc.navy.mil

Introduction

This report summarizes the first analysis of SWellEX-3 noise for nonstationarity and
nonGaussianity. It is very important to understand these properties of the noise for the
purpose of the design and performance analysis of various detection methods. A talk has
been given on these results at the 130th International Meeting of the Acoustical Society of
America, 27 Nov - 1 Dec 1995, in St. Louis, MO. The transparencies from the talk are in
Appendix A of this report. In addition to the basic issues of characterizing the
nonstationarity and nonGaussianity of the noise, it is also important to relate the noise

characteristics to the shipping "fingerprint” in the area, to the extent possible. Radar

shiptrack data are available for the latter purpose.

Rather than simply applying standard tests initially, very intuitive and graphical tests
were designed to inform our understanding of the nature of the nonstationarity and
. nonGaussianity of the noise and to make clear which tests would be most appropriate and

what other analysis might be necessary to raise our understanding to new levels. It should be
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stated from the outset that significant nonstationarity and possibly nonGaussianity have been
found, and these results are given in the following. It also appears that the nonstationarity
may be frequency dependent in terms of the amount of changes in the moments occurring
over time, and that the analysis will not be complete until moment sampling issues are
studied and aliasing is ruled out. The frequency of change being addressed here is of the
noise moments with time, not simply that of the unanalyzed original data, although the two
are of course related. In particular, the time variations of the four lowest order noise
moments are the major properties being investigated initially for nonstationarity. It has also
become clear that there are significant differences between a phone in the middle of the water
column and one near the bottom. Specifically, the noise at the bottom hydrophone seems
closer to Gaussian than the noise in the middle of the water column, perhaps caused by more
averaging of the ship noise propagation paths at the bottom hydrophone. This can be
investigated by establishing the relation of phone positions to the acoustic propagation paths
in the experiment environment, recognizing the modal nature of the ocean waveguide and the
multipath arrivals. It should be emphasized that this is a preliminary finding, and possible
differences between phones in flow noise, phone motion, and other effects have not yet been
considered, as pointed out by MPL scientists.

The first analysis involves three minute segments of hydrophone data sampled at 1/1500
sec. This data length is long enough to perform meaningful nonstationarity analysis and
short enough to perform exploratory and first calculations in a reasonable time. Data
selection and calibration were accomplished with significant help from personnel at MPL

Scripps, in particular Drs. Gerald D’Spain and William Hodgkiss. Data were selected




corresponding to low, moderate, and high shipping. The selected data segments are
identified on page A6 in Appendix A. This Appendix contains the slides of the ASA talk on
pages Al through A21. Ship tracks for these three data segments (low, moderate, high) are
given on pages A7 through A9. Initially three phones are selected for comparison, numbers
2, 43, and 61. As shown in Figure A5, phone 2 is at a depth of 192 m near the bottom of
the 198 m water column, phone 43 is at 116 m depth, and the highest phone considered,
number 61, is at 82 m depth, about halfway down the water column.
Data Preprocessing
Dominant FLIP noise lines have been removed from all data after applying the data
calibration specified by MPL. This is done by substituting average Fourier transform values
for the FLIP noise spectral peaks. There are several smaller sources of contamination from
various pumps, motors, etc., aboard FLIP. We have obtained information on these sources
from MPL and are examining data spectra to determine for which linés removal is required.
Moment Variation with Time

Initial information on data stationarity is obtained from "Christmas® plots, those
containing red and green curves shown in Figures A10 through A15. These plots indicate
the change of the first, second, third, and fourth moments with time over the course of three
minutes. A number of cases are included to illustrate important points in the analysis. The
figures can be used to investigate the depth dependence of the nonstationarity and the
frequency variation of the nonstationarity, and to compare the different levels of shipping
noise. The channel number corresponds to the phone, while the file number corresponds to

the noise level. File 1 is the moderate noise, file 2 is the high noise, and file 3 is the low




noise. It should be noted that shipping traffic in the area is always significant, and the terms
moderate, high, and low are only relative. Three data processing windows, applied with
corresponding overlaps, were selected to do the first study of the frequency variation of the
nonstationarity. Each window was arbitrarily chosen to have an overlap of 50 percent of its
width to determine the placement of the window center and therefore the time sampling rate
of the nonstationarity time variation as indicated by the moments. This was done to have a
starting point that corresponds with common practice, but our immediate next step of analysis
will be to move the windows of each size by only one data time sample point at a time and
to take Fourier transforms of the resulting moments versus time, to get maximum possible
insight into the frequency variation of the nonstationarity. In particular, this type of analysis
can provide very convincing, if not 100% conclusive, evidence about aliasing and appropriate
sampling rates for the time variation of the nonstationarity. Even the initial analysis has
suggested some very interesting possibilities.

Because the statistical variability of the moments with time (green curve) is high, it is
difficult to use visual inspection to decipher trends. A Gaussian smoothing procedure
(convolution of the moments with a Gaussian) is used to overcome this difficulty. To be
sure that the smoother does not introduce nonuniform effects on the time variation studied
with different window widths, the time width of the Gaussian smoother is kept the same for
all plots. Since the Gaussian smoother is smoothing plots which sample the time variation of
the moments every 750 time points, every 75 time points, and every 7 time points, this
means that different numbers of points are included in the Gaussian smoother for each of

these cases. As mentioned, the sampling time interval for the time points in the original data




is 1/1500 sec.

Additional important information on the figures is the mean and standard deviation of
each moment over time as given in the individual figure titles. These can be used to
compare the variation from phone to phone, etc. They are also collected later in the report
into tables, where they are compared to the values for Gaussian distributed noise to give
important information on the Gaussianity of the noise, or the lack of it.

Figures Al0 at phone 43 and All at phone 2, for the moderate shipping noise three
minute window, are used to compare the depth dependence of the nonstationarity. As can be
seen from the two figures, there is nonstationarity in all the moments, except that the first
and third moments for phone 2 have less than half the standard deviation of those of phone
43. From these figures, no depth dependence of the nonstationarity should be claimed,
although there is a slight suggestion of less nonstationarity in the odd moments for the
bottom phone. Greater upper phone motion or flow noise is a possible source of this
difference.

To study the frequency variation of the nonstationarity with time, we compare the plots
which show the results of sampling every 750 points, every 75 points, and every 7 points.
These are Figures A1l through A13, and are all done for phone 2 in the moderate shipping
noise time window. The 750 point sampling interval corresponds to the 1500 point time
window, the 75 point sampling interval to the 150 point time window, and the 7 point
sampling interval to the 15 point time window. As might be expected, the statistical time
variation of the unsmoothed moments includes higher frequency variation with finer

sampling. The standard deviation clearly increases with finer sampling, indicating that as the




higher frequency time variations of the moments are observed, additional variability is
included. In future analysis the windows will be moved one sample point at a time across
the data and the Fourier transforms of the moment variations will be studied carefully for
each window size. This analysis will be combined with the more detailed window size
analysis to be described later in this report and with a similar énalysis for simulated
stationary Gaussian noise. After this and other tests we can speak more definitively about
the nature of the nonstationarity.

The last series of "Christmas" plots to be compared, Figures A10, Al4, and AlS,
illustrates the effect of different levels of shipping noise on the nonstationarity for phone 43
with the 1500 point window. By examining the standard deviations of the moment curves,
one can conclude that the nonstationarity for moderate and high shipping is comparable,
whereas that for low shipping is significantly higher. This is perhaps not surprising since
low shipping noise is expected to be more episodic, whereas higher shipping noise in some
cases might be expected to have more consistency over time due to the larger diversity of
sources.

Effect of Processing Window Size
The graphs on pages A16 and A17 indicate the effect of processing window size on
the means and standard deviations of the four moments for three minutes of moderate noise
on phone 2. Processing window sizes of up to 20,000 time points are included. In A16 the
variation of the mean of each of the four moments with processing window size is shown.
The mean gradually increases with increasing window size, with some fluctuation, until a

window size of about 8,000 to 10,000 points. At larger window sizes there is significant




fluctuation in three of the moments, possibly due to the decreasing number of samples
available for averaging. This can be tested by taking data segments which are longer than
three minutes.

The standard deviation, shown on page A17, is more stable with changing window
size at the larger processing windows than the mean. It too increases significantly as the
window size increases, up to about 8,000 to 10,000 point windows. Above this window size
the second through fourth moments increase slightly.

While it is important to work with long enough windows so that the moment
calculations are not a function of window length, it may not be possible to do this for all
analyses. In particular, if stationarity only exists over much shorter times, then the
processing windows will have to be short to do a proper analysis.

Gaussianity

To determine in a first test whether the noise statistics are Gaussian, the noise
moments are compared to Gaussian noise moments in the tables on pages A18 and Al9.
Simulated Gaussian noise of the same length as the selected experimental noise segments is
used to calculate the Gaussian moments. Phone 61 and phone 2 at all three noise levels are
used for the examples. In each case the mean and standard deviation are calculated for the
359 moment values in a three minute data segment which has its moments calculated in each
1500 data sample window, with the windows overlapped by 50%. The Gaussian noise is
generated to have an average variance equal to the variance of the three minute data segment
at each noise level for each phone. Because the first moments are relatively small, the

Gaussian data second moment will also be approximately equal to the measured noise second




moment. Then by comparing the higher moments at each noise level for each phone,
tentative conclusions can be reached about the Gaussianity or nonGaussianity of the noise. It
must be emphasized that this test has real limitations due to the nonstationarity. In
particular, our findings of average nonGaussianity over the three minute intervals does not
rule out local Gaussianity in shorter time intervals, or more Gaussian behavior for processing
windows longer than 1500 points (1 second).

The summary table on page A18 is for phone 61 in the middle of the water column.
A table line of moments for low-noise stationary Gaussian simulated data (having the same
variance as the low-noise data) precedes the line for the low-noise data moment summary.
These are followed by similar lines for moderate noise and high noise. Each table box
contains the mean and the standard deviation of the 359 moments (as explained above) for
the appropriate three minute segment of the actual data or the corresponding simulated
Gaussian data. A like table for phone 2 at the bottom of the water column is on page Al9.

We note that, while the mean of the second moments, m2, of Gaussian and actual
data are approximately equal for the phone 61 data, the standard deviations of m2 are about
ten times as large for the actual data as for the Gaussian. This means that there is more
variation among the different 1500 point windows in m2 for the data and suggests
nonstationarity, although the standard deviations are still small compared to the means, being
little more than one half at the largest for the high shipping data. It is possible to have the
data Gaussianly distributed within individual 1500 point windows, but with changing variance
among the windows.

The higher moments provide checks on the Gaussianity of the data. The mean of the




third moments, m3, of the data is about 3, 100, and 20 times as large as that of the Gaussian
for low, moderate, and high noise, respectively. This indicates considerable skewness in the
data density function compared to a Gaussian. As mentioned previously, this may be due to
a systematic array problem rather than being a property of the noise itself. The standard
deviation of m3 is about 3.6, 5, and 1 times that of the Gaussian, respectively.

The averége fourth moments, m4, for data and Gaussians are about equal, suggesting
that if the deviations in the third moments are not intrinsic to the noise, the noise may be
fairly Gaussian. The large differences in the average standard deviations of m4 between
stationary Gaussian data and actual data again suggest nonstationarity, but the data m4
standard deviations are still smaller than the m4 means except the high noise case, for which
they are about equal.

For the near-bottom phone 2, the data seem amazingly Gaussian from comparing the
means of the moments m2, m3, and m4. The largest difference is a factor of about two for
m3 in the low noise case. All the other means are considerably closer than this for Gaussian
data and actual data, suggesting that the data at this phone are Gaussian in 1500 point
windows, though not necessarily in longer or shorter windows. Data standard deviations for
m2 range from about 4.5 to 7 times those of a Gaussian, for m3 from about 1.5 to 3, and for
md from about 3.5 to 6, suggesting nonstationarity, although all the standard deviations for
m?2 and m4 are less than the means. The standard deviations for m3 are large compared to
the means for the both Gaussian and actual data.

Visit to ARL

Two investigators, Lisa Pflug and George Ioup, spent a very fruitful day visiting Drs.




Gary Wilson and Martin Barlett at the University of Texas at Austin Applied Research
Laboratory. They were given a presentation on the ARL method of transient detection and
spent the remainder of the day discussing topics such as types of transients, stationarity
requirements, available transient data sets, other transient detection methods, and related
topics. The successful ARL transient detection method is especially effective for modal-type
transients, but not as effective for broadband transients. It requires stationarity for about 100
successive processing windows.

As a result of these discussions, a better understanding was gained of the important
noise analyses for the effects of noise characteristics on transient detections and of the
evaluation of various detectors.

Current investigations

One important aspect of current research is to investigate the frequency dependence of
the nonstationarity by considering the Fourier transform of the finely sampled moments
calculated with various window sizes.

We are removing other sources of data contamination besides the dominant FLIP
lines. These include 1) the smaller sources of contamination aboard FLIP, which produce
line spectra, and 2) flow noise, which contaminates low frequencies up to 10 Hz. For the
latter we use a stopband ninth-order Butterworth filter to suppress all low frequencies.

We are also applying standard tests of stationarity and Gaussianity to the data. For
stationarity, the Hurd and Gerr (1991) test and tests of moment transforms for off-line
(second moment) and out-of-plane (third moment) components chould prove informative.

For Gaussianity, the Tsatsanis and Giannakis time domain test (1994) and the Hinich
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transform domain test (1982) may provide useful information, in addition to the well-known
Kolmogorov-Smirnov test for goodness of fit.

We are also considering detection statistics to be used for nonstationary noise and how
to simulate the noise, especially matching the color of the noise and its nonstationary
properties.

A paper describing our more recent work, *Moment Analysis of Ambient Noise
Dominated by Local Shipping" has been accepted for presentation at the 8th IEEE Signal
Processing Workshop on Statistical Signal and Array Processing and publication in the
Proceedings. Only about half the submitted papers were accepted. A copy will be supplied

to the Program Manager/Officer as soon as it is available.

References
Georgios B. Giannakis & Michail K. Tsatsanis, 1994, Time-Domain Tests for Gaussianity
and Time-Reversibility, IEEE Trans. on Signal Processing 42, 3460-3472.
Melvin J. Hinich, Testing for Gaussianity and Linearity of a Stationary Time Series, 1982, J.
Time Series Anal. 3, 169-176.
Harry L. Hurd and Neil L. Gerr, 1991, Graphical Methods for Determining the Presence of

Periodic Correlation, J. Time Series Anal. 12, 337-350.

11




-(1dW) ureds.a piesen pue sspPIBPOH I11g abpajmouroe siouyiny
14N pue HNO Aq pauoddns ydleasay

dnoj '3 86109 : Aq pajudsaid

¥005-6256€ SN
191ud)) ededg siuuals
Kiojelioqe] Yyoieasay [eAeN

8yL0L V7 ‘suedl O MmaN
sSuealO MaN }0 AlisiaAiun
soishAyd jo ‘1deq

Al

uosyoep ‘W wed

dnoj 3 961039
Bniid v es!

dnoj "M analne

solisliajoeiey) 9SION
e-X31IOMS Jo sisAjeuy Areulwijdid




-goueWLIONad 1010319p 10Ipaid pue ajenjeAs o}
9S10U 9y} JO Sjudwow JapJo Jaybiy ay} JopIsuod
0} jueniodul osje si } “si0}0919p [BINSHie}S
19p.J0 1oybiy 104 “i91em mojeys ui si0}o919p
1910 pue juaisued} uo asiou ay} Aq pasodul
sSuoI1}91i}sal 9y} puejsiapun o0} juepioduwil si i

-seale [eso1l] ul sjerdoidde aq

jou Kew Aay) ‘sease tajem daap ul ajeridoadde

aq Aew Ayseuoiiels pue Ajueissney Jo

suondwnsse a|IYM "Ajinjsasadons swyluobie

uonoalap juaisue; Aidde o} paJinbai usyo ale
asiou juaiquie Jo solisiiels ayj 1jnoqe suondwnssy

-

UOeAIION

A2




eate ay} jo ,unidiabuy, puiddiys
ay} 0} pajejas 2q sabueyd sy} ued pue ‘aun
1on0 abueyd asiou ay} Jo sdnsiiels 3yl op MoH (e

£, 9sIou 8y} Jo susawowul
JopJo 1aybiy pue ‘puodds ‘4s41) Y} aJe 1JeyM (2

; Areuonels Jeadde ease pode
ul 9Siou Judiquie ay} SI0p spoisad awi Jeym I9A0 (1

-
_ Sanssj |

A3




| -o9s/sajdwes 0051
-Aease Juawae-v9 dYS S, 1dIN :SI0SUSS

-(lwu 02) sHMoed) sdiys Jeped
-9S10U JUSIqUIE JO SPUd}33M [N} om] :Eled

.Jo1eMm Mojjeys ul s1abae) 1ainb Jo uonezijedo]
pue uoi}oa1ep anissed anoadwy :9An9931q0

74N pue “1dN ‘aedN OUM

| -p661 1snBny-AIne ‘obaiqg ues jo Lod :oull] pue ad%ejd

e-X3IIPMS

A4



q

w28
WwolLl

Wweel
ddy

19 Sh g — AV
ev
I
3uoqd |t~
K91

Aelly 4HS

A5



ulw 8¢ - G¢ ‘ay | dwl] 1ed0] ‘L1 Aeq uelnpe
purddiys ybiH

ulw G - 21 4y 91 dwil] [ed07] ‘L12 Aeqg uelnpe
puiddiys a1eiSpo

uiw 9| - €1 4y L1 :awl] 220 ‘gl Aeq uelne
- Buddiys Mo

-ejep auoydoapAy jo sjuswbas anuiw-¢
||||||I..I||I|I|||I|III|I.,III||II|||||||||I..|
S}oS eled

A6




(s991b9p) apnyibuon

OLiLL— gLl AV 9QLlL— 8Ll
T Y T T T T Y T T Y Y *.Nm W
a \ -
\
- / \
- —
o / R m.u.
g
! & -
- \ ] »* —19°¢¢ o =
3
: o
_ N ..%7 - @
/;..&. ‘. =~
W
Y-,
A 8°C¢

] A A ) ] 1 ) i |
9l8L2LlZ—cL8LZLZ NINZ "L 14906LTLTS




(s93463p) apnibuol

OLLL— gLLL— AV 9 LLL= 8LLL—
T Y \J I v T T T T Y Y 1 T T Y ¢.Nn
N 1
|
- \
T ‘ - m.Nn
%
- - \ ~
Y
Vi~
- \\.\ : -
. .
- . \
\
8°C¢t

: . _ |
GL9LLLZ—ClollLl

. L T R . .
Z ninZ ‘60499991 1¢S '$%20J) Giys ¢—X3IPMS

(se31bap) apnyio]

A3




-

(se9.bap) apn}ibuoT

OcLLL— TANA S S YLl — 9LLL— 8°LLLI—
Y v K | M ' v A M N v 1 ' K '  AFAY
. /
| : —9°C¢
.X
// \ [ 3P ~N
! /
¢ s
e - .( ....\.I/a _
' “*\. LY | .\
R | /
\
\ /
12 iAN

1 . 1 | L 5
gc/LL1e—GgLLLLT NNz .

) { 3 s N | ) 4 N
60499991 L ¢S 's®o04L diuS ¢ —X3IIPMS

(saa.bap) apmno]

AS




Filename: chan43_file1
Channel number: 43
Processing window: 1500 points

Percent overlap: 50%

Sampling frequency: 1500
Gaussian smoother: 30 points

Date: 22-Nov-95

x105 First Moment: Mean=-124.2 Std=3.125e+04

l T i I I T i l 1

AL O LT LT MY P
OR l \ ; JA N K LT ENe AT l"', -
u' H ki ””'1 ik i I L

. ; :

10 20 40 60 80 1 OO 1 20 1 40 160 1 80 200
x101° Second Moment: Mean=9.161e+10 Std=1.907e+10

40 60
Third Moment:

i 1 i 1 1
80 100 120 140 160
Mean=4.719e+14 Std=1.005e+16

_5 1 | ] 1 | i
0 20 40 60 80 100 120 140 160 180 200
x 10 Fourth Moment: Mean=2.613e+22 Std=1 .035e+22
O 1 1 i |
0 20 40 60 80 100 120 140 160 180 200
Time (sec)

A10




Filename: chan2_file1
Channel number: 2
Processing window: 1500 points

Percent overlap: 50%

Sampling frequency: 1500
Gaussian smoother: 30 points

Date: 21-Nov-95

x 10* First Moment: Mean=-108.8 Std=1.498e+04
5 l ! | I I 1] 1 1 1
il H 1 Ll L 1 u L LAt
MA A B A ll “u‘t N‘H, A DL _
T R "”'! el NS R (e
5 ; i , ; i '.
0 20 40 60 80 100 120 140 160 180 200
x10’° Second Moment: Mean=6.286e+10 Std=1.244e+10
15 I 1 1 1 1 1 I ] |

0 ] | 1 1 | 1 1 | ]
0 20 40 60 80 100 120 140 160 180
x 1016 Third Moment: Mean=-5.145e+13 Std=4.225e+15

_2 i ] L H 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200
x 10 Fourth Moment: Mean=1.57e+22 Std=6.078e+21
0! 1 1 | | 1 ] 1
0 20 40 60 80 100 120 140 160 180 200
Time (sec)

A1l




Filename: chan2_file1 Sampling frequency: 1500

Channel number: 2 Gaussian smoother: 300 points

Processing window: 150 points Date: 21-Nov-95

Percent overlap: 50%

x 1 05 First Moment: Mean=-47.32 Std=4.187e+04
2 1 1 1 1 I 1 | ] I
bt R A () SRR (ARHE A LA Sl i MU ROMK ka4
:‘ ls ! l |1 ‘ ’ - '?1.( i A ‘Qt 3 i r'; ‘ Hl' ';‘I 1 .
_2 l | 1 l i 1 I 1 ]
0 20 40 60 80 100 120 140 160 180 200
x 10" Second Moment: Mean=6.283e+10 Std=2.1 15e+10
2 ) 1 1 1 1 R 1 1 1

T T S I R R e

0! 1 | | 1 | | 1
0 20 40 60 80 100 120 140 160 180 200
X 1017 Third Moment: Mean=-4.977e+13 Std=1.195e+16
1 ] 1 l I ] L ] T
2 | SERERRRERE T S S R SR A
O } il" \ y \ 1
_1 I 1 1 ! 1 ) | 1 1 i
0 20 40 60 80 100 120 140 160 180 200
x 102 Fourth Moment: Mean=1.57e+22 Std=1.303e+22
1 1 i 1 1 I} L] { 1
1 . : .............................................................................................
"li'; : i v : ' M
0 20 40 60 80 100 120 140 160 180 200

Time (sec)

A12




Filename: chan2_file1 Sampling frequency: 1500
Channel number: 2 Gaussian smoother: 3214 points
Processing window: 15 points Date: 5-Feb-96

Percent overlap: 46.67%

(10°  First Moment: Mean=28.85 Std=1.051e+005 S-Mean=41.37 S-Std=131.4

e e e e e e e

i_v
e
]

20 40 100 120 140 160 180 200
Sec,p“ngoment Mean-5 031e+010 Std—4 442¢+010 S-Mean=5.156e+010 S-Std=8.358e+009
I 1 1 L] i T 1
6 IR DU S PP PR DL CEEEE R

: " SR
R YR
A

% 20 40 B 80 100 120 160 180 200
Thjr¢hMoment: Mean-—3 788e+013 Std-2 48e+016 S-Mean=3. 207e+01 3 S~Std=6.989e+014
10 T T 7 T T T T

5 ........................................................................................................

i [ A 1
' ‘ . ‘ X 4.'| ! A -
_5_ 1 | 1 1 | 1 1 i 1
20 40 80 100 120 140 160 180 200
FoxmgzMoment Mean—g 504e+021 Std=2.221e+022 S-Mean=9.937e+021 S-Std=3.109e+021
10 T T T T T T T T
5 T I S T S e A —
|
o P, {h {{ F z‘ilif‘;:‘_;"-?'; gy i" i ] Rich ot DNE LY E X . i 1'; R ‘ Wi '_,;h, AR _.._l,':“l‘l 1428
0 20 40 60 80 100 120 140 160 180 200

Time (sec)

Al13




Filename: chan43_file2 Sampling frequency: 1500

Channel number: 43 Gaussian smoother: 30 points

Processing window: 1500 points Date: 22-Nov-95

Percent overlap: 50%

x 1 05 First Moment: Mean=70.36 Std=3.185e+04
1 ! ! ! ! T '. '. ! !
O g | ‘l )‘ 1),‘!‘-“.‘. "" AN - !k' ‘l‘,‘.- "‘l . !‘ P L"‘“" '''''''''
) \ “‘ ' " 'vl VY ""' “‘ ”'Y‘ e "' “1 :
-1 _ .......... ..........
_2 l l i l i 1 1 1 l
0 20 40 60 80 100 120 140 160 180 200
x 10" Second Moment: Mean=1.197e+11 Std=2.239e+10
1 1 1 1 ] 1 ] ] T
0 I l l 1 I 1 | 1 I
0 20 40 60 80 100 120 140 160 180 200
x10’6 Third Moment: Mean=7.504e+13 Std=1.396e+16
10 i . . i ; i ; . i
0 20 40 60 80 100 120 140 160 180 200
x1022 Fourth Moment: Mean=4.335e+22 Std=1.637e+22
15 ; ! ; ; ! ; L ! T
B I TN R BT CILIT T SIS SIS R
st Ad ALt : A AN S
0 i ; i i . : , i ;
0 20 40 60 80 100 120 140 160 180 200

Time (sec)

Al4




Filename: chand3_file3
Channel number: 43
Processing window: 1500 points

Percent overlap: 50%

X 105 First Moment:

Sampling frequency: 1500
Gaussian smoother: 30 points

Date: 22—-Nov-95

Mean=-95.29 Std=4.54%e+04

_2 i i 1 ] i 1 ] 1
0 20 40 60 80 100 120 140 160 180 200
X 10" Second Moment: Mean=2.434e+11 Std=7.567e+10
! J ' ! ! ¥ ! T T
ab e | S ........... A ....... ‘ N ........ .
] . ‘ k .
“ l " ). l ,“, s~l L A 'jn \
,l,‘ﬂ' ”11“1 )| l,"“ ,‘ : YN VR !7”*‘,-‘,'7‘("‘M ..............
0 ! . l 1 [ 1 l I 1
0 20 40 60 80 100 120 140 160 180 200
x 1017 Third Moment: Mean=6.537e+15 Std=4.772e+16
2 ! ! ! ! ! T ' ! !
‘ \L“hl l ‘ IL T ,'- A l ‘“ LA ' “ l '“ _ka 1 l A K. ... .
I et PO ‘n"""'
-2 l | | J i 1 1 { |
0 20 40 60 80 100 - 120 140 160 180 200
x 10 Fourth Moment:  Mean=1.573e+23 Std=1.002e+23
10 1 1 i 1 ] 1 ¥ T
5 .................................................................................................... -
0! I 1 1 1 )
0 20 40 60 80 100 120 140 160 180 200

Time (sec)

A15




Mean vs Processing Window Size, chan2_file1
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